An analysis of cases of massive pulmonary haemorrhage (MPH) occurring in newborn infants in the United Oxford Hospitals between the years 1948-61 showed that there was no single aetiological factor and that, to a very great extent, the syndrome was preventable (deSa and MacLean, 1970) . A falling incidence of the syndrome that parallelled the decline in the stillbirth and neonatal mortality rate was shown. In the past three years , however, MPH appeared to be seen more frequently in the same population. This report presents a study of the cases with MPH during the years 1969-71 in the United Oxford Hospitals.
Material and methods
The necropsy records of the neonatal deaths are filed in the Department of Pathology of the Radcliffe Infirmary, Oxford, and these records were available for analysis. A histological definition of MPH was necessary and the one used was identical to that used in the earlier survey (deSa and MacLean, 1970) . MPH was considered to be present if there was confluent haemorrhage, either alveolar or interstitial in type, involving two or more lobes of the lung in the absence of infection.
Thirteen early neonatal deaths with lung histology that conformed to this definition were traced. For the Received 19 May 1972.
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purposes of this study the definition of early neonatal death was the one currently in use in this country, i.e. a death occurring in the first 7 days of life. The clinical notes of these cases were traced and details of gestation, birthweight, mode of delivery, complications of pregnancy, delivery, and postnatal life, therapy, and feeding extracted.
During this period there were 13,935 births and of these 13,781 were livebirths.
Results
Two of the infants with MPH had severe congenital malformations (Table I) and as in the earlier survey (deSa and MacLean, 1970) are not considered further. (Gruenwald, 1969b) were analysed and presented according to the birthweight score of the infected infants. The cases of the earlier Oxford series (deSa and MacLean, 1970) were analysed in the same way, and it was shown then that the Oxford series contained far fewer infants of low birthweight score ('-1' and '-2') than were anticipated from the national figures of Gruenwald, (1969a, b) . The cases of MPH in the series of Gruenwald (1969b) , the earlier series (deSa and MacLean, 1970) , and the present series were separated into their respective birthweight score groups and the numbers in each group were represented as a percentage of the total in the group. As seen in Fig. 2 In the 7 remaining cases, there were, in addition, certain unusual histological findings that warranted their being separated into a homogeneous subgroup of their own. The changes that are to be described were found to a varying extent in all the 7 infants and are summarized in Table III . The epithelium of main and lobar bronchi showed patchy areas of coagulative necrosis characterized by a loss of cilia, a blurring of cell margins, vacuolation of both cytoplasm and nucleus, and considerable variability of nuclear size (Fig. 3) areas of regeneration of the bronchial epithelium occurring simultaneously with scattered areas of focal necrosis were seen, and occasionally a bizarre metaplastic epithelium with a pronounced resemblance to squamous epithelium was seen (Fig. 4) . The bronchioles were not spared and conspicuous dilatation of the terminal bronchioles with the production of a membranous exudate due to the associated necrosis of the bronchiolar epithelium was present in every case (Fig. 5) . In other bronchioles there were areas of bizarre regeneration (Fig. 6 ) producing considerable distortion of the bronchiolar architecture.
Since the bronchiolar changes were present in every single case, including Case 2 (aet. 8 hours) from whose lungs the field for Fig. 6 was selected, we believe that they represent one of the earliest of the changes seen. The alveolar septal epithelium was grossly abnormal with extensive areas of necrosis (Fig. 7) , and this was associated in the older infants with evidence of regeneration of the epithelium (Fig. 8 ).
In the 6 older infants there was good evidence of organization of haemorrhagic and necrotic exudate by macrophages and capillary ingrowth (Fig. 9) . The septum itself often showed conspicuous widening while near the central zone of the lung lobule there was more obvious widening due to a combination of both interstitial oedema and possible fibrous thickening (Fig. 10) . The most surprising feature in the 6 older infants was the presence of newly formed capillary channels developing in and spreading out from the central areas of the lobule (Fig. 11) . Capillary dilatation was particularly prominent and in some cases areas of capillary rupture could be observed (Fig. 12) . These necrotic changes irregularly associated with concomitant areas of bizarre epithelial regeneration, fibroplasia, and vasoformative changes are similar to the changes described both in expermental animals and human newborn infants exposed to high partial pressures of oxygen (Northway, Rosan, and Porter, 1967; Northway et al., 1969) .
Oxygen therapy and MPH. The details of oxygen therapy received by the infants in our series are shown in Table IV . It can be seen that in the 7 infants with histological changes of oxygen toxicity there was good evidence that high concentrations of ambient oxygen were used in 5 cases. The infants who appeared to be most at risk were those who received high concentrations of oxygen (>80%) for a period greater than 24 hours. Only 4 of our cases with oxygen toxicity had been ventilated.
It was apparent that in nearly all ofthe cases receiving added oxygen there was reason to suspect the Discussion The obvious rise in the incidence of MPH in the years 1969-71 cannot be attributed to any general rise in the perinatal mortality rate, nor can it be attributed to any significant change in distribution of affected infants. It is obvious that some other explanation for our results must be sought.
We believe that the histological changes illustrated are those of oxygen toxicity and 'bronchopulmonary dysplasia' with superadded massive pulmonary haemorrhage, since they are identical in all essential features to those described by Northway et al. (1967) in newborn infants exposed to high concentrations of oxygen and mechanical ventilation. The findings in our infants are surprising in one respect in that they suggest that toxic changes may occasionally be seen after a relatively short period of exposure, and the bronchiolar changes depicted in Fig. 6 offer a striking example. It is interesting, on rereading the paper of Northway et al. (1967) , to note that they found that, 'In the individual patient, several pathologic states of the lesions characteristically exist at the same time, and the radiologic and pathologic stages overlap slightly'. Their 'idealized' staging, is, therefore, difficult to evaluate since none of our infants lived as long as theirs. The histological changes in the young adult rats of body weight 90 to 100 g used by Harrison, Rosan, and Sloane (1970) , and newborn guinea-pigs (Northway et al., 1969) , offer better comparisons, and again the authors emphasize that all the histological stages overlap. The first and second cases of Rowland and Newman (1969) show a similar degree of rapidity of change to ours.
We recognize that our records lack sufficient detail to delineate clearly the limits of safety of oxygen therapy. However, in our small series ventilation per se was not an essential component as far as the development of oxygen toxicity was concerned. This finding is supported by experimental evidence, reviewed by Avery (1970) , that the dysplastic changes are likely to be due to the use of high concentrations of oxygen over long periods of time.
There is a considerable similarity in the changes of oxygen toxicity in 7 of the infants in our series and those described in retrolental fibroplasia. It is tempting to assume that the process in the lung as in the eye is one of vasoconstriction (Patz, 1965) . In view of the likelihood of underlying lung damage and pulmonary hypoperfusion (Chu et al., 1965) in our infants before any oxygen therapy, additional vasoconstriction could conceivably produce very deleterious results. This might explain why the histological changes in infants appear to be exaggerated in their intensity and rapidity.
Unfortunately, the vascular changes in the lungs of newborn infants exposed to high concentrations of oxygen are not always described in detail in the literature (see Northway et al., 1967; Hawker, Reynolds, and Taghizadeh, 1967; Rowland and Newman, 1969) . This is disappointing in view of the suggested association of therapeutic oxygen and pulmonary haemorrhage (Shanklin and Wolfson, 1967) , and the fact that high concentrations of oxygen can damage capillary endothelium (Kistler, Caldwell, and Weibel, 1967 
